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@ Automatic tool exchange apparatus. 

@ An automatic tool exchange apparatus for use in a multi- 
function machine tool system, comprising at least one first tool 
carrier (A; 48-4) having means for carrying a plurality of tools 
(Ko - K5; 48-8), at least one second tool carrier (B; 48-6), and 
means for moving said first carrier so as to cooperate with said 
second carrier for supply and/or removal of a tool. 
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^_^^Q^Eiig._lg,Q^_^xcjiange Apparatus 

This invention relates to an automatic tool exchange" 
apparatus for multi-function machine tolling. 

* . '. '• ■■ . « 

Simplicity, standardization, and specifications are the 
basic pre- requisites in mass productions., of industrial pro- 
ducts ; however, the main mechanical processing- machine in the 
automatic processing system has to be individually designed 
so as to meet the requirements of different working pieces 
and different processing courses; there fore /! its standardiza- 
tion and specifications are rather difficult to meet. Further, 
in cases where the working piece or the prodessin-g -course . 
has major changes, its flexibility is also I^Ss adaptable , 
especially, for the processing system of a large working 
piece. In order to eliminate the aforesaid £ra*rt?acks, fche 
inventor has developed a dragon-gate type machine tool, ; with 
a completely innovative idea in terms of design, so as to ; 
make said machine tool, multi-functional , such as lathe cutting, 
drilling, planning, milling, abrading, and boring; moreover, 
this invention may be arranged "in a "Group" type structure for 
series and flow-chart sequence processing ,' ; or fbr combined or ; 
paralled-type processing simultaneously. By means of the x newly 
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developed tool- automatic exchange method, the tool chest, the 
circulating working table and other interface means which for 
are collectively controlled by a small computer, a tunnel- 
type mechanical processing system is established. In the 
5 said processing system, the elements to be included in the 

"Group" type structure may be selected dependent upon the 
processing course and the requirements of the working piece. 

Since the mechanical hardware and the elements in the 
said "Group."- type structure are all assembly and dis-assembly 

10 elements, a person who knows little about the inner mechanical 

structure in the production flow-chart system can still pick 
up or select the elements to assemble a given "Group" struc- 
ture. Owing to the assembly and disassembly features of the 
elements in the said system, it may be manufactured by mass 

15 production methods under a given standard and specifications. 

In addition, any change in the processing power and sequeure 
may be accomplished by changing the software instructions, 
or by a minor change in the. hardware portion, so as to change 
the mechanical- processing system from a specialized nature to 

20 a general nature for the purpose of breaking thru the diffi- 

culty of the inability to conduct economical mass production 
because a working piece is os a small quantity but has 
multiple models. 
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Detailed Description : criol i 

Generally, the dragon-gate type --- nia'aliix^' stools '1 may be : 
classified according to their functions as falliGtes:^/ 

(1) Planing machine and; milling ma^lnev 

(2) Drilling machine. ? i , 

(3) Grinding machine, . , ' :. J : : 
(4.) Vertical lathe. - 

(5) Copying lathe. 

In accordance with the structure, they may he classified 
as follows: , ; 

(1) One-sided vertical column type. . 

(2) Two-sided vertical . column type.. t. c •. . 

(3) Multi-sided vertical column type. - - . • j : 

In accordance with the method of driving • during processing 
they may be classified, as follows:. . ... ■ ^ 

(1) Dragon-gate motion .type. ■ • ■ . .^.j 

(2) Working table reciptocating motion type. 

(3) Working table rotary motion type- : : , , ; . 

(4) A combination working table . reciprocating and Rotary 
motion type. 1 j- 

(5) A type in which the working piece <*P be processed 
is placed on the ground. •• - 

In accordance with, the lathe mandrelv tfeey.. m§y;' be classi-,' 
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fied as folows: 

(1) Single mandrel type. 

(2) Multi-mandrel type. 

There are other types which can perform several functions 
5 in the mechanical processing system; in assembly and exchange 

natures , and their function versatility is also limited by 
their structure; for instance, the vertical lathe cannot be 
used for planing or milling processing, and the dragon-gate 
type milling lathe cannot perform the -cutting processing. 

10 Moreover, the exchangeability between structures, is rather 

low; therefore, in the conventional dragon-gate mechanical 
processing system, the adjustment flexibility of the proces- 
sing course and the ability to meet the requirements of various 
processing working pieces is very limited* The structures of 

15 their invention which are specifically designed to lirainate 

the aforesaid drawbacks and. are described in detail as follows. 

Brief Description of the Drawings : 

Fig.l shows the structure view of a set of rotatively 
20 driving displacement lateral girder on the top of the dragon 

gate, in which are shown. 

1-1 The ring shaped top of the dragon gate structure. 

1-2 A rotary driven lateral girder. 
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1-3 Lateral girder driving motor. 

1-4 Ring-shaped guide' channel : 

1-5 Laterally driving motor for tool post. 

1-6 Laterally driving guide screw for tool post. 

1-7 Mandrel driving motor. 

1-8 Tool post. 

1-9 Working table. 

1- 10 Lathe bed. 

Fig. 2 shows a view of partial circle sliding surface. 

2- 1 A dragon gate structure Having 'partial annular 
liding surface. 

2-2 Bevel gear. \" 
2-3 Driving motor. 

2- 4 The prime driving gear. 

Fig. 3 shows the lathe cutting ft jricfB ion. " 

3- 1 Ring-shaped top of the dragbn |fite structure. 
3-2 Rotary driven lateral grirder. ' " 

3-3 Tool post. v 
3-4 Working table. 

Fig. 4 shows the planing and milling functions.' 
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4-1 Ring-shaped top of the dragon gate structure. 
4-2 Rotary driven lateral girder. 
4-3 Tool post. 

4- 4 Working table. 

Fig. 5 shows a view of multi-ring lateral girders and 
working tables. 

5- 1 Ring-shaped top of the dragon gate structure. 
5-2 Rotary driven lateral girder. 

5-3 Tool post. 
5-4 Working table. 
5-5 Working table. 

5- 6 Conveying belt. 

Fig* shows a symmetrical and synchronous balance tool 
post structure. 

6- 1 Ring-shaped top of the dragon gate structure. 
6-2 Tool post. 

6-3 Laterally driving guide screw for tool post. 
6-4 Rotary driven lateral girder. 

Fig. 7 shows a symmetrical and synchronous balance block 
structure . 
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7-1 Ring-shaped top of the .dragon gate "'structure.' 
7-2 Tool post. •..= .■'...,' -rlV i ■ 

7-3 The laterally driving guide serewiiof tool post or 
balance block. 

7-4 Rotary driven lateral girder,; 

7- 5 Balance block. 

Fig. 8 shows a rotary lateral girder driven with motor 
and power conveying. 

8- 1 The fixed seat of driving motor. ; 
8-2 Rotary driven lateral girder. 

8-3 Rotary driving motor. 

8-4 External fixing ring structure. 

8-5 Bearing. 

8-6 Conductive disk.. 

8- 7 Conductive brush. 

Fig. 9 shows the rotary lateral girder being provided 
with a supporting arm. 

9- 1 The ring-shaped top of /the dragpn, gate structure. 
9-2 Rotary driven lateral girder. 
9-3 Driving motor of rotary girder, 
9-4 Ring-shaped guide . channel . . 
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9-5 The laterally driving motor for tool post. 

9-6 The laterally driving guide screw for tool post. 

9-7 Mandrel driving motor. 

9-8 Tool post. 

9-9 Working table. 

9-10 Lathe bed. 

9- 11 Auxiliary arm. 

Fig. 10 shows the positions at two sides and on the top 
for installing rotary lateral girder. 

10- 1 The top of the dragon gate. 

10- 2 A ring-shaped structure for coupling the rotary 
driven lateral girder. 

Fig. 11 shows a dragon gate structure provided with 
lateral girders and tool post at both sides . 

11- 1 The top of the dragon gate. 
11-2 Lateral girder. 

11-3 Mandrel driving motor. 

11-4 Spindle tool post. 

11-5 Working table. 

11-6 Lathe bed. 

11-7 Power control box. 
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11-8 Driving motor for lateral girder moving up & down, 

11- 9 Lateral driving motor for mandrel tool post. 

Fig. 12 shows a rotary driven lateral girder in the main 
5 lateral girder. 

12- 1 Tool post. 

12-2 The column of the dragon gate. 

12-3 The driving guide screw for the ring-shaped lateral 
girder moving up and down., 
10 12-4 Joint block. : ! 

12-5 The rotary driven lateral girder. " 
12-6 Ring-shaped lateral girder. 

12- 7 Mandrel Driving Motor 

15 Fig. 13 shows a rotary driven lateral girder in the main 

lateral girder. 

13- 1 Top of the dragon gate 

13-2 The column of the dragon gate. 

13-3 The driving guide screw for the irihg- shaped lateral 
20 girder moving up and down. 

13-4 Ring-shaped lateral girder. 

13-5 Mandrel driving motor. "* , 

13-6 Tool post. 



- 10 - 



0255736 



13-7 The rotary driven lateral girder. 

13-8 The driving motor of the rotary lateral. 

13-9 Wroking table. 

13- 10 Lathe table. 

Fig. 14 shows a multi-section working table being driven 
with a guide screw. 

14- 1 Working table. 

14-2 The driving nut of the working table. 
14-3 Driving guide screw of working table. 
14-4 Driving motor. 
14-5 Transmission case. 

14- 6 The fixing hole in interlocked driving operation. 

Fig. 15 shows a multi-section working table being driven 
with a motor installed at the working table base. 

15- 1 Working table. 

15-2 The rack gear being fixed on the lathe table. 
15-3 Transmission gear. 

15-4 The driving motor installed inside the working table. 
15-5 Transmission case. 
15-6 Movable lead. 
15-7 Lathe bed. 
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Fig. 16 shows a multi-sectidri working table being driven 
by a row-arranged gears and a lateral displacement: clutch 
gear rack. : 1 

16-1 Working table. 

16-2 Working table driving gear rack. 
16-3 Wroking table driving gear*' '= i 

16-4 The sprockets being driven with one motor. 
16-5 Transmission gear. 
16-6 Driving motor. 

16-7 The working table driving gear rack being driven 
for lateral displacement by a hydraulic or pneumatic means 

16-8 The lateral sliding channel of the working tabDe 
driving gear rack. 

16-9 The lateral displacement % auxiliary gear rack of the 
working table driving gear rack. 

16-10 The lateral displacement auxiliary gear of the 
working table driving gear. 

16-11 The interlocking means of working table. 

16-12 The fixing hole of the interlocking means of work- 
ing table. 

Fig. 17 shows a multi-section working table being. trailed 
in series by means of interlocking means. 
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17-1 Top of the dragon gate. 
17-2 Column of the dragon gate, 

17-3 The guide screw for lateral girder moving up and 

down . 

17-4 Lateral girder. 

17-5 Mandrel driving motor. 

17-6 Tool mandrel. 

17-7 Working table. 

17-8 Lathe bed. 

17-9 The lateral displacement driving motor of the 
mandrel tool post. 

17-10 Working piece. 

17-11 The interlocking means of working table. 

17- 12 The locking nut of the interlocking means of 
working table. 

Fig. 16 shows a multi -section working table being trailed 
in series by means of working piece. 

18- 1 Top of the dragon gate. 
18-2 Column of the dragon gate. 

18-3 The guide screw for lateral girder moving up and 

down. 

18-4 Lateral girder. 
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18-5 Mandrel driving motor. 
18-6 Tool mandrel. 
18-7 Working table. 
18-8 Lathe bed. 

5 18-9 The lateral displacement driving motor of the 

mandrel tool post. 

18-10 Working piece. 
18-11 Working piece locking means, ■ 

18- 12 The locking nut assembly of the working piece 
10 locking means. 

Fig. 19 shows a multi-section working pieces arranged in 
series with gravity point support method to tri&l the working 
tables and the processing made be done at the base. 
15 19-1 Top of the dragon gate. 

19- 2 Column of the dragon gate. 
19-3 The guide screw for lateral girder . moving up and down. 
19-4 Lateral girder. • < 
19-5 Mandrel driving motor. 

20 19-6 Tool mandrel. 

19-7 Lathe bed. 

19-9 The lateral displacement driving; tnqtor . of the 
mandrel tool post. 
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19- 10 Tool post to be installed on the lathe table* 

Fig. 20 shows the linear type of shrapnel (or nest) 
working table. 

20- 1 The main working table* 
20-2 Small working table. 
20-3 Lathe bed. 

20-4 The driving guide screw of small working table. 

20- 5 The driving guide screw of main working table. 

Fig. 21 shows the processing view. of. a linear type of 
shrapnel (or nest) working table. 

21- 1 Main working table. 
21-2 Small working table. 
21-3 Lathe bed. 

21-4 The driving guide screw of small working table. 

21-5 The driving guide screw of main working table. 

21-6 The driving motor of small working table. 

21*7 The driving motor of main working table. 

21-8 Tool post. 

21-9 Tool driving motor. 

21-10 Tool. 

21-11 Working piece. 
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Fig. 22 shows the base of rotary; wording table set able 
to be interlocked and to be put on one lathe bed for driving 
together. 

22-1 Rotary working table. 
22-2 The base of rotary working table. 
22-3 Lathe bed. 

22- 4 Base locking means* 

Fig. 23 shows the bases of the julti-column rotary 
working table set able to be interlocked and tp be put oh one 
lathe bed for driving together. 
2 3-1 Rotary working table. 

23- 2 The base of rotary working table. 
2 3-3 Lathe bed. 

15 23-4 Base locking means. 



Fig. 24 shows a co-axial ring-shaped working table. 
24-1 Small rotary working table. 
24-2 The co-axial outer ring , structure.. 
20 24-3 The base of small rotary working tiable and the 

co-axial outer ring structure., 
24-4 Roller. 
24-5 Main working table. 
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24- 6 Lathe bed. 

Fig. 25 shows the working table of the co-axial ring- 
shaped structure being driven in synchrounous , asynchrous, 
and in forward or reverse direction. 

25- 1 Small rotary working table. 

25-2 The co-axial outer ring structure. 
25-3 The base of small rotary working table and the 
co-axial outer ring structure. 
25-4 Roller. 
25-5 Main working table. 

25- 6 Lathe bed. 

Fig. 26 , 27 show two adjacent working table being pro- 
cessed each other for a working piece by means of the co- 
axial ring-shaped structure 

26- 1 Co- axial outer ring structure. 
26-2 Rotary working table. 

26-3 Working piece. 
26-4 Tool post. 
26-5 Tool driving motor. 
26-6 Tool. 
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Fig. 28 shows a working table set bteibg * set up with a 
partial circle structure. 

Fig. 29 shows a hybrid operation amori§ the co- axial ring- 
shaped, the partial circle structure, and co- axial rotary 
working tables . 

Fig. 30 shows a multi-column and multi-section working 
table set system. 

Fig. 31 shows the embodiment- A of a hybrid operation of 
the multi-column and multi-section workint table sets and ... 
the ring-shaped or rotary working tables. 

Fig. 32 shows the embodiment -B of a hybrid operation of 
the multi-column and multi-section working table sets and 
the ring-shaped or rotary working tables. 

Fig. 33 shows the embodiment-C of a hybrid operation of 
the multi-column and multi-section working table sets and 
the ring-shaped or rotary working tables. 

Fig. 34 shows the embodimemt-D of a hybrid operation of V 
the multi-column and multi -section working table sets and 
the ring-shaped or rotary working tables. 

Fig. 35 shows the embodiment-E of a hybrid operation of 
the multi-column and multi-section working table sets &nd 
the ring-shaped or rotary working tabled. 

Fig. 36 Shows the hybrid operation of the driving working 
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tables and the fixed working tables. 

36-1 Lathe bed. 

36-2 Fixed type of working table. 

36-3 The driving working table. 

36-4 The driving working table. 

36-5 The driving guide screw of working table. 

36- 6 The driving guide screw of working table. 

Fig. 37 shows the structure of working table exchanging 
station. 

37- 1 Working table. 
37-2 Conveyer belt. 
37-3 Driving wheel. 
37-4 Driving motor. 
37-5 Rotary table. 
37-6 Center rod. 

37-7 The base of rotary table. 

37-8 The driving motor of rotary table. 

Fig. 38 shows a control system diagram of Fig. 37. 

Fig. 39 shows the flow chart of the exchanging station 
of working table. 

Fig. 40 shows the matrix type of embodiment of the multi 
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set working table .exchanging station. ' - ' m : - » 

40-1 Working table. ■ v --x ■? : 

40-2 The lathe bed type of processing ^machine body and 

the tool mandrel. 
5 40-3 The lathe bed of the lathe bed type of processing;' 

machine. c 
40-4 The conveyer belt of working table. 

: ■ ' *■ 

40- 5 The exchanging station of working table. 

10 Fig. 41 shows part of the working table set- being 

installed outside the dragon gate. ; 

41- 1 Top of the dragon gate. 

41-2 The dragon, gate .column; ' -J 

41-3 The guide screw for the lateral girder moving up 
15 and down. L 

41-4 Lateral girder, . 4 ;v 

41-5 Mandrel driving motor. . 

41-6 Tool mandrel. 

41-7 Working table. / s' 

20 41-8 Lathe bed. ... 

41-9 Tool. 

41-10 Working piece. 
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Fig. 42 shows the dragon gate type of machine reserving 
some ground space. 

42-1 Top of the dragon gate. 
42-2 The dragon gate column. 
5 42-3 The driving guide screw for the lateral girder 

moving up and down. 

42-4 Lateral girder. 
42-5 The driving motor of mandrel. 
42-6 Tool mandrel. 
10 42-7 Working table. 

42-8 Lathe bed. 

Fig. 43 shows the common tool chest for two or more tool 
exchanging and output positions. 
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•1 


Machine body. 


43-2 


Machine body. 


43- 


•3 


Base. 


43* 


•4 


Lathe bed. 


43- 


•5 


Working table. 


43- 


•6 


Tool mandrel. 


43- 


•7 


Tool mandrel. 


43- 


•8 


Tool post. 


43- 


•9 


Exchanging arm. 
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43-10 Exchanging arm. 
43-11 Standardized tool. 

43-12 Stand-by tool post. . . : . . \ 

43-13 Standardized tool. 
5 43-14 Standardized tool. 

43-15 Working piece. 
4 3-16 Working table. 

Fig. 44 shows the operation flow chart of two or more 
10 tool exchanging stations. 

Fig. 45 shows the tool exchanging means by means of tool 
turret as an element. 

45-1 Machine body. 

45-2 Wroking table. 
15 45-3 Working table. ■ 

45-4 Lathe bed. \> - 

45-5 Lathe bed. * 

45-6 Mandrel. i' ■ ' 

45-7 Mandrel. 
20 45-8 Mandrel. 

45-9 Exchanging arm. . ■ 

45-10 Exchanging arm. : 

45-11 Tool turret. 
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45-12 Tool turret. 
45-13 Tool turret. 
45-14 Tool turret. 

Fig* 46 shows the tool operation flow chart of the tool 
turret element. 

Fig. 47 shows an embodiment of an automatic tool ex- 
changing system of tool chest moving type. 

47-1 The common base of tool chest and mandrel. 

47-2 Working piece. 

47- 3 Working table. 

Fig. 48 shows an embodiment of an automatic tool ex- 
changing system of tool chest moving type, 

48- 1 Top of the dragon gate. 
48-2 Dragon gate column. 
48-3 Lateral girder. 

48-4 Tool chest. 
48-5 Tool storage axle. 
48-6 Tool post. 
48-7 Tool mandrel. 
48-8 Tool. 
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Fig. 49 shews the flow chart of.: a^9^at^ : ^ooX;ex^anging\ 
operation of tool moving, type,, L-j -L^ iJ, =. . 

Fig. 50 shows an embodiment pf....^.attt€^tffc^ tool 'ex- 
changing system of a multiset- of tool .chesi: moving type. 

A^ — Ag indicate the topi chest?- which -may. be rotated 

and may be driven for coordiante : axle positioning i 

B 1 — B g show a tool mandrel, of which. the, duc.l end axles! 
o 

can rotate at 180 . 

Fig. 51 shows the operation flpw chajep. of .the multi-set 
tool chest system. 

Fig. 52 shows a gear trai^siuission japans driven by an 
acial displacement D.C. motor. 

52-1 Outer case. ,, if 

52-2 The core of magnetic field- 

52-3 Field winding. . ■ : ]\ t 

52-4 Armature axle . . • . , , 

52-5 Commutators . ... . . . 

52-6 Brush. t : 7 . l . . .; ;■• 

52-7 Armature winding. ■ .1 . : . r 

52-8 Armature iron core,... , . . , . : - • Vv, , 

52-£ The rear cover of motor.,,. ( t " ; 

.52-10. The. front cover, of motor.- ! .. ^ 
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52-11 Radial bearing* 
52-12 Mid-speed driving gear* 
52-13 Mid- speed output gear. 
52-14 High-speed driving gear* 
52-15 High-speed output gear. 
52-16 Low-speed driving gear. 
52-17 Low-speed output gear. 
52-18 The lid of output end. 
52-19 Output bearing. 
52-20 Output axle. 



Fig. 5 3 shows an embodiment of stepper motor driven by 

5 3-1 Output axle. 

53-2 Outer case. 

53-3 Bearing. 

5 3-4 Stator iron core. 

53-5 Stator winding. 

53-6 Rator iron core. 

53-7 Rotor winding. 

53-8 Rotor slip ring. 

53-9 Rotor brushes. 

53-10 The insulating holder of rotor slip ring. 
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Fig. 54 shows the series connection diagram 7 -between the 
stator and rotor windings of motor in Fig. -53 and the control 
switch. . . i :..-') 

Fig, 55 shows the truth table -of 'the nofcdr operation 
5 in Fig. 53. ■ > 

Fig. 56A, 56B shows an embodiment of two^section type 
of motor. 

56-1 Output axle. 

56-2 Input slip ring of rotor. 
10 56-3 Input brush of rotor. 

56-4 Brush holder. 

56-5 The tooth-shaped iron core of rotor. 
56-6 Rotor winding. 

15 Fig. 57, 58 shows eiribadiroe-nt-l of the motor .driving 

circuit. - .:: • ■ -s 

Fig. 59 shows embodimient-2 of motor driving motor. 

Fig. 60 shows embodiment-3 of the motor driving motor. 

Fig. 61 shows the structure of a generated power self- 
20 excitation and transmission electro-magnetic coupling, and. 

driving means. , ; :$ .*,.f- 

61-1 Input axle. ' ; ; J: i 

61-2 Insulating base. : 

61-3 Slip ring. 
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61-3 Slip ring. 

61-4 Brush, 

61-5 Outer case. 

61-6 Iron core of field- 

Vi 

61-7 Field winding. 
61-8 Armature iron core. 
61-9 Armature winding. 
61-10 Commutator. 
61-11 Brush. 
61-12 Output axle. 

61-13 The resistance load or a regenerated feed back load. 

Fig. 62 shows the circuit and the characteristic diagram 
of the generated power self -excitation and transmission, 
electro-magnetic coupling, and driving means. 

Fig. 63 shows an A.C. winding rotor type of generated 
power self-excitation and transmission, electro-magnetic 
coupling, and driving means. 

63-1 Input axle. 

63-2 The. salient tooth-shaped magnetic conductance ring 
coupled to the input axle. 
6 3-3 Bearing. 
6 3-4 Bearing. 
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63-5 Field winding. ■ ^' 

63-6 Field iron core. 
63-7 Output acle. - : 1 

63-8 Bearing. 

6 3-9 Rotor iron core. ; 

63-10 Rotor winding. 

63-11 Rotor. 

63-12 Rotor slip ring. 

63-13 Rotor brush. 

Fig. 64 shows a characteristic diagram of the generated 
power self-excitation and transmission, eleetro-magnetic 
coupling, and driving means. 

Fig. 65 shows a high frequency response brake means 
having flexible transmission means* 

65-1 Driving motor. 

65-2 Transmission system. 

65-3 Flexible transmission means. 

65-4 The output axle* of a- flexible^ •transmission means. 
65-6 Brake means. 
65-6 Driving gear. 

65-7 Gear rack. • -r..;:. 

65-8 Working table. : " -v. . v 
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65-9 Lathe bed. 

Fig. 66 shows the operation characteristics of a high 
frequency response brake menas having flexible transmission 
means . 

Fig. 67 shows a positioning control circuit of a digital 
type of analog accumulative quantity. 

Fig. 6 8 shows the structure of a cup-shaped stepper 
rotor having low inertia. 

68-1 Axle. 

6 8-2 Cup-shaped rotor. 

6 8-3 Lock screw. 

6 8-4 Bearing ball. 

68-5 Inner collar of bearing. 

6 8-6 Outer collar of bearing. 

6 8-7 Ring-shaped permanent magnet. 

68- 8 Air gap. 

Fig. 69 shows the front view of a cup- shaped stepper 
rotor having flow inertia. 

69- 1 Axle. 

69-2 Cup-shaped rotor. 
69-3 Lock screw. 
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Fig, 70 shows the structure of a flat plate-shaped 
stepper rotor. j 
70-1 Axle. 

70-2 Flat plate-shaped rotor. 

70-3 Lock screw. 

70-4 Bearing ball. 

70-5 Inner collar of bearing. 

70-6 Outer collar of bearing. 

70-7 Ring-shaped permanent inagnet. 

70- 8 Air gap. 

Fig. 71 shows the side view of the flat plate-shaped 
stepper rotor. 

71- 1 Axle. 

71-2 Flat plate-shaped rotor. 
71-3 Lock screw. 

72 shows the structure of a cone-shaped stepper 

Axle. 

Cone-shaped rotor. 
Lock screw. * 
Bearing ball. 



Fig. 
rotor . 

72-1 
72-2 
72-3 
72-4 
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72-5 Inner collar of bearing. 

72-6 Outer collar of bearing. 

72-7 Ring-shaped permanent magnet. 

72- 8 Air gap. 

Fig. 73 shows a concave type of cone-shaped stepper 
rotor. 

73- 1 Axle. 

73-2 Concave and cone-shaped rotor. 

73-3 Lock screw. 

73-4 Bearing ball. 

73-5 Inner collar of bearing. 

73-6 Outer collar of bearing. 

73-7 Ring-shaped permanent magnet. 

73- 8 Air gap. 

Fig. 74 shows the structure of a printing type of step- 
per motor. 

74- 1 Axle. 
74-2 End lid. 
74-3 Outer case. 
74-4 End lid. 
74-5 Bearing. 
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74-6 Permanent magnet. ; 

74-7 Ring-shaped magnet core, ' : ■*.«-. '. ; 

74-8 Printing winding type rotor.; 

74-9 Fixed ring. . 

74- 10 Brush. y; - 

Fig. 75 shows a printing type of stepper rotor with 
the conductor being disposed in an eddy-parent shape. 

75- 1 The insulating portion of ".the pointing winding 
type rotor. 

75- 2 The conducting portion of the ; : pointing .winding 
type rotor. v ■ 

Fig. 76 shows the operation flow ch^rt, of :the printing 
type of stepper motor. \ 

76- 1 Axle. . ;.; . '■ . \ • ••; */ 
76-2 Outer case. ..\ 
76-3 Permanent magnet, = 
76-4 Bearing. 

76-5 The insulating portion of the printing winding 
type rotor. 

76-6 The inducting portion of the pxiritanf winding 
type rotor. 



0255736 



- 32 - 



Fig* 77 shows the motor operation corresponding to the 
flow chart in Fig. 76. 

Fig, 78 shows the printing type rotor having pulse 
induction winding structure. 

78-1 The insulating portion of the printing winding 
type of rotor. 

78-2 The conducting portion of the printing winding 
type of rotor. 

78-3 The light passing hole of angular displacement 
sensing. 

Fig. 80 shows an embodiment of the photocell sensing 
means . 

80-1 Axle. 

80-2 Fixed ring. 

80-3 Light passing hole. 

80-4 Photocell sensing means. 

80-5 The insulating portion of the printing winding 
type of rotor. 



Fig. 81 shows a working table being driven with both ends 
of a guide screw. 

81-1 Driving motor. 
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81-2 Lathe bed. 

81-3 Working piece. : 
81-4 Drivinc nut. 

81-5 Driving screw of wording fable 

81- 6 The upper protection lid. : 

Fig. 82 shows the structure : of the pHa^e : difference type 
of driving gear assemble which has a low vibration ratiol 

82- 1 Driving motor. L - 

82-2 Gear box. ' : y > 

82-3 Transmission shaft . ■' ' - " : [ 

82-4 Driving gear. . 
82-5 Gear rack. ' • • — 

82-6 Driving gear. * •* 

82-7 Gear rack. . • «: . . . 

82- 8 Working table. 

Fig. 83 shows the phase difference upon the gear and 
the gear rack being engaged each other . 

83- 4 Driving gear. 
83-5 Gear rack. 
83-6 Driving gear. 
83-7 Gear rack. 
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Fig. 84 shows the pulse ratio upon the phase difference 
type and the driving type being combined together. 

1) The dragon-gate lateral girder in the conventional 
lathe is usually coupled to the column of the dragon-gate 
for furnishing the tool post so as to perform planing or 
milling processing. In this invention, a rotary lateral 
girder (1-2) has been designed and is to be coupled to the 
dragon-gate top (1-1), as shown in Fig. 1. In addition to one 
or more sets of ring-shaped supporting structures (1-4) , the 
rotary lateral girder and the outer supporting and slide • sur- 
face may be a partial circle (2-1) or a fulcrum structure as 
shown in Fig. 2. The multi-ring structure being used for lathe 
and planing processing is shown in Fig. 3 and Fig. 5. The 
slide surface of said lateral girder may use a bearing, air 
film, or oil film as a sliding medium so as to minimize friction. 
In addition, a known mechanical or hydraulic lock method may be 
provided so as to lock-up the said rotary lateral girder (1-2), 
if necessary, to perform lathe cutting, milling, planing 
grinding, drilling and boring on a work piece. The said rotary 
lateral girder (6-4) may be provided with a symmetrical and 
synchronous balance tool post (6-2) (shown in Fig. 6_ or a 
synchronous and symmetrical balance block (7-5) (shown in Fig. 
7) so as to balance the said rotary lateral girder (7-4) upon 
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being used for lathe cutting,, the : cente,r ^qo^ post . -(7-^2)- ... 
deviates from the center to cause . a^_ irobalaijce ■'ef.fect. -Thp 
said synchronous and manually -locked in position., -or try jnaans 
of a transmission method (such as guide screw', (.7l?) 1 whi^to is . 
5 driven in the opposite direction to the s^iql lateral girder 
(7-4) so as to obtain a balanced ; effect at anjr tixae, and the 
same balance tool post (7-2). The said rotary lateral girder 
(8-2) may be driven with either an external djriyipg motor as 
shown in Fig, 8 or with a motor (8-3) fox the girder itself. 

10 The power supply for the girder motor (8-3) , the tool post 

laterally feeding motor, and the mandrel motor saay be intro- 
duced with a disk or a slip-ring (8-6) . and a corresponding 
brush (8-7) . , .... 

On the aforesaid structure, one or more sets., of ^uxi^iary 

15 arms (9-11) may be provided;, one. end of the sai$ auxiliary, arm 

(9-11) is connected to the said lateral girder ;(9-2) at a 
selected angle, while the other end is coupled -to. the" 5ui.de 
rail to strengthen the structure and maintain the precision - 
(as shown in Fig. 9) . On the said auxiliary arm .( 9-11},,, an 

20 individually or simultaneously operating tool post may be 

furnished to perform milling^ planing . . grinding,, or polishing 
for a work piece (especially on thje same.wo^k giece) . The 
operation; of the . tool post : (9-8) may ^qcompli shed by manual 
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operation or well-known methods such as the guide screw (9-6) . 
When the rotary lateral girder (9-2) is being used as a ver- 
tical lathe, the lateral tool feeding motor (9-5) on the 
lateral girder will feed the tool, and at the same time, the 
said lateral girder (9-2) is locked up at given direction so 
as to have the tool on the mandrel tool post (9-8) performing 
planing milling, grinding and boring processing. The said 
rotary lateral girder may also be installed on the dragon- 
gate (10-1) column (10-2) (as shown in Fig. 10) so as to 
perform processing work on the side of working piece. Further, 
the said dragon-gate structure may also be furnished with a 
conventional dragon-gate or multi-dragon gates so as to perform 
a series of tool feeding processing on a work piece moving 
reciprocatingly as shown in Fig. 11. 

The aforesaid ring-shaped lateral girder (12-6) may be 
installed on the main lateral girder of a conventional dragon- 
gate type lathe as shown in Fig. 12, and 13. 

2) Another feature of said tunnel type or dragon-gate 
type of mechanical processing system is the novel design in 
the working table which will offer more conveniences for 
processing, and eliminate some of dead angles in terms of pro- 
cessing direction further details are described as follows: 

a) The working table may be driven singly, or simulta- 
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neously in synchronous or asynchronous in longitudinal direct 
tion with divided sections; the difference froth -the conventional ' 
workinc table is that it may, if* necessary.; be ccftBectecL tn.. : 
series with a plurality of , sections, " which may &e: Similar in 
size and height, each working table is driven ^with a : separate 
motor, or all said working tables are driven; with one: motor as 
shown in Fig. 14 thru 1&- One set of workinc, .tables (17-7) 
used for hauling purpose may be driven; or by means, of the 
interlock means (17-11) between working tabies /(17r7) as shown 
in Fig. 17, or by means of a working piece- (lB^lO) to joih;the. 
working table (18-7), a series of tables may be- driven together 
as shown in Fig. 18. Furhter, in case of a working piece i'19-10) 
being rather big, the working table (19-7) may be suitably..: 
dispersed to support the working piece (19-10) with the. hea\jy 
loading points as shown in Fig. 19. When every .said working 
table (19-7) being driven separately, they may be, driven in 
synchronous manner, or may be driven with the; given sets having ^ 
coupling means or being interlocked one another/with a; working 
piece (19-10). The latter method is good. for .the machine which 
has only a part of working tables (19-7) bein£ /furnished with 
driving means . 

The major feature of said structure is tSx^t. a working j 
piece (19-10) which is a long in dimensions tod has to be. . 
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processed at its bottom may be placed on two working tables 
(19-7) ; in such case, one set or more than one set of working 
tables (19-7) under said working piece (19-10) may be installed 
with tool post (19-11) so as to perform processing work during 
5 said working piece (19-10) being in process or in static con- 

dition from the bottom as shown in Fig. 19. 

b) A shrapnel type working table as shown in Fig. 20 
is a structure in which one or more than one set of small 
working tables (20-2) are provided underneath a main working 

10 table (20-1) , being driven to the same direction as that of 

said main working table (20-1) . Said small working table 
(20-2) may have the same length as that of the main working 
table (20-1) or may not, or may be made in section structure 
as mentioned in "(a)" above so as to increase the processing 

15 result. Said main or small working table may have a separate 

driving means, or only said small working table (21-2) may be 
used for processing each other as shown in Fig. 21. 
3) A rotary working table: 

In addition to the linearly reciprocating type working 

20 table of the aforesaid tunnel type or dragon-gate type of 

mechanical processing system mentioned in f, 2)" above, a circle 
type, ring type, or other selected shapes of rctary working 
table also be designed. 
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Fig. 22 shows a well known rotary worJciiig table (22*1), 
of which the fixing base (22-2) is attached to the lathe bfcd 
(22-3) by using inter-connecting or- mechanical interlocking 
means (22-4), arid mny be driven as well. Therefore, it noit 
only can be rotated, but also can be separated in longitudinal 
directions as mentioned in (a) of 2) above; it can also bei 
arranged in multi-row manner to expand the processing functions 
as shown in Fig. 23. Said rotary working table 1 (22-1) may 
also be designed into one or more than one layer in co-axial 
ring-shaped structure as shown in Fig. 24, and on ^the surface 
of each said layer, a driving motor may be provided for^ same 
direction or opposite direction, for >. synchronous or asynchro- 
nous, for single or joint driving so as to perform processing 
work to the working piece on the adjacent tables as shown in 

Fig. 25A-25E ard Fig. 26-27. The aforesaid ring type working 

■'t • 

table may also be designed on assembly b^sis to. have one or;, 
more than one section with one or more than -one, layer as . sjiown 
in Fig. 28; or it may be combined.. and mixed witfc the circlje 
type rotary working table, as shown. in Fig. 29.;. 

4) The mixed working table with ? linearly moving and * \ , . 
rotary moving working tables has structure shown in Fig. 30 
thru 35 , of which the feature is . that said, two /types of working 
tables may appropriately used, and each type. ..has its. own.. 
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separate driving motor so as to make suitable selection pro- 
cessing. 

5) A major element working table group and a exchangeable 
working table group structure formed by means of the aforesaid 
vaxious types; the features are as follows: 

a) The linearly moving working table group: It com- 
prises a multi-row and multi-section working tables having 
equal or un-equal length, width, height, and having a same 
level surface or a slanting angle or are each other in any 
suitable geometric shapes; the said working tables may be 
driven separately c*r in synchronous coupling manner. It may 
comprise some driving working tables and some working tables 
that may not be driven (the fixed type) as shown in Fig. 36. 

b) The rotary working table group: It comprises a 
multi-set of rotary working tables with selected diameter, 
height, and related mechanical positions, or the ring-shaped 
working table; on said tables, a selected and fixed tool is 
provided respectively so as to process the working piece. 

c) A mixed working table group comprises the type of 
working tables described in (a) and (b) above. 

d) A continuous and circulated working table group: 
It comprises the working tables mentioned in (a), (b) , (c) 
of 2) above which are driven in a given sequence to have a 
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continuous displacement along, the; guide rad^ . onr.a base fox- 
processing the working piece. Said working table moves frpra 
one lathe bed to another lathe bed by means of; ; ^n auxiliary 
rail. The structure and operation of siaci design in this 
invention are described in detail a,s .follows: 

A workinc; table group haying working : table ex- 
changing station: In addition to the displacement circulaty 
method by means of the rail in said processing system, the 
working tables may be exchanged thru the exchanging station 
as shown in Fig. 37, and the flow chart of the exchanging 
action is shown in Fig. 38-39, Fig. 40 shows an exchanging 
station for a multi-set type of working table, and it is 
designed in matrix type. 

6) The aforesaid various kinds of working tables ray be 
applied to the novel combinations as follows: . 

a) They may be used by combining with the; various 
kinds of dragon-gate and lateral girder structures mentioned 
in "1) " above. 

b) The working table mentioned in ." 2) 11 above may, in 
part or completely, be installed at the outer -.side of the 
dragon-gate (41-2), if necessary, as showii in ;Fig. 41. 

c) Upon being used in the working .table sets of the 
various dragon-gate mentioned in n l) " abpye, ttify may if; : 
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necessary, be placed in the space at the lower portion of the 
dragon-gate, or try to reserve some space for the working 
piece as shown in Fig. 42. 

d) Each of said working tables is provided with driving 
motor or other driving element; part of said working tables 
may, if necessary, be without driving means, but being either 
movable or non-movable. 

e) A selected one or more than set of said working 
tables may be provided with driving means to drag the rest 
working tables by means mechanical interlocking means or 
working piece. 

f) The means and methods mentioned in (c) thru (e) 
above may also be used for lathe without dragon-gate struc- 
ture; the processing work may be done each other by means of 
a working table group manner. 

7) Automatic tool exchanging element: 

In the conventional automatic tool exchanging means, 
there are .tool turret, and tool chest, etc., the automatic 
tool changing means of this invention not only can be fitted 
to the conventional tool exchanging means, but also possesses 
many new features as follows: 

a) A two or more than two sets of tool exchanging 
position and exchanging arm (43-9) (43-10), and a correspond- 
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ing sets of tool chests (43-8) with a contebri toal spindled 
The features are that : the suppartift$ tools'' c 3n fixnish ev^y 
tool spindles simultaneously, or each tool spiEridie may usfc • 
one given set of tools in a specific sequefieSrjjohe lathe jnay 
5 have a plurality of tool spindles, dr the tool ; spindles of 

different lathes may commonly use a tool ciiest ! (43-8) . In 1 
the processing system of this invention, one ^ or more than : 
one set of tool chest (43-8) may be furnished so as to support 
the need of the tool spindle group, as shown in Fig. 43, and ; 

10 its flow chart is shown in Fig. 44. .[ , : /\ 

b) The tool turret exchanging unittl The tool turret- 
in this invention is an improved conventional tool turret; 
said unit not only has the conventional tool 'turret -functions 
of angular rotation and locking up, but also has the features 

15 of positioning' coupling lock between the tool turret (45-11):., 
(45-12), (45-13) and the tool spindle driving: structure , ; an& 
of exchanging the tool turret each other three; an exchanging 
arm (4 5-9) , (45-10) after being undamped from, the. spindie as 
shown in Fig. 45. ; ^ ■ .-■ 

20 The flow chart of said tool turrets exchanging .oper- 

ation is shown in Fig. 46. The biggest feature of said ijaea£s 
in application is that the currently using , tools; in a. sequence 
provessing may be mounted on one turret , to. « simplify .the t&61 
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exchanging operation, which is similar in nature to the micro- 
program in the computer software portion. 

c) A tool chest motion type automatic tool exchanging 
device (ATC) which is directly driven by a direct type servo- 
means using a common base seal with the spindle tool turret 
as shown in Fig. 47 thru 48, of which the structure and com- 
ponents are as follows: 

(1) The base seat structure: It may be a fixed 
lathe bed or a driven working table base installed on the 
lathe bed; on said base seat, a fixed seat for the spindle 
tool turret and the tool chest is provided. 

(2) The spindle tool turret structure: It comprises 
one or more than one set of egual angle or un-equal angle 
arranged tool chuck means, and it may be driven with a motor 

or a fluid pressure means to rotate clockwise or counter- 
clockwise, or to stop at a given position. 

(3) One or more than one set of tool chest structure 
to be driven by a servo-means: The feature is that said 
structure may be installed on the lathe bed, and is capable of 
receiving instructions, of making quantitative and reciproca- 
ting displacement driving; on which, a tool selecting or tool 
positioningly storing means able to rotate clockwise or counter- 
clockwise and able to store specification tools may be furnished. 
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The exchanging procedures of said automatic : tool exchanging 

device _ — . in which "A" i s, the. tool ;Ches£/ • 

A x -A 4 are the stand-by tool, post of the tool chest, Ktt-KS are ; 
tools, "B" stands for tool post, ^1^2 stand for tool spindly, 
5 M C n stands for tool chest fixing seat, "D" .stand£$. for base : . 

seat are shown in Figure 49. 

*..."•!":■ v • - ■ • •" 

The aforesaid tool chest may be designed infcp ?; 
a tool chest system including a plural setjs as shown in Fig., 

10 50. The main feature is that, in addition to said, tool chest 

exchanging tools with the adjacent tool; chest by means of its 
displacement or the automatic tool exchange arm r Another ; 
function of said system is that it may convert the_rotary. type 
tool chest into a multi-output position "ATC" system, of which 

15 the feature is that it will have two or more; than two sets of 
exchanging arms so as to have selected tool in, the tool Qhest 
being exchanged with the outer tool spindle opc other tool 
chest; the flow chart of which is shown in Fig* 51; c6nsequept 
ly, an economic tool chest system may be established. 

20 8) Spindle driving system; ,.j 

Owing to the repeated starting and , stop operation ^ 
requirements on starting efficiency, energy saving, and th^. ; ; 
brake means to stop the spindle have -become iipgx^' :uhportan^> 
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In addition to the known brake means , such as the A.C. motor, 
electric or hydraulic menas, a new spindle motor brack means 
has been developed as shown in Fig, 52, which shows a D.C. 
motor. The feature of said D.C. motor is that the field 
iron core (52-2) is thicker than that of the armature (52-8) , 
and the field windings (52-3) are an axial overlapped multi- 
windings, of which each may be provided with exciting control. 
The motor bearing (52-11) in an axial bearing which has the 
features of axial displacement and rotation. Since the length 
at the both ends of said motor shaft has suitably designed, 
the variation of exciting current applied to the axial over- 
lapped field windings will cause the armature makinc a corre- 
sponding axial displacement, which will generate the following 
functions : 

a) Tool feeding during rotating, such as, for drilling 
or milling, etc. 

b) Reciprocating motion during rotating, such as for 
boring or processing the rivet head. 

c) To have the gear assembly mounted on said shaft 
generating a displacement so as to change the corresponding 
engaged gears to vary the output speed ratio; further, it may 
make a micro or intermittent drive with a D.C. meter so as to 
prevent the gears from being collided each other. 
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d) To obtain dutch or brake function by means a£y^hM.' 
axial thrust to push a friction piece. ; > > . , J ,r;. ;. V^rx; "■■ 

e) To generate an axial vibr&tipr* ^|fect by means ■ of * 
controlling the current applied to the fie!4 vl$dij&g and; /;[... 
exciting winding for removing the small me til jWgstgs and 
reducing the cutting resistance. — 

9) The said design may also be epplied- to motor:,. 
It is an A.C. and D.C, series repulsion stepper japtor by means 
of the polarity relations of A.C. or D.C* powef applied to. 
stator (53-4) and rotor (53-6) to generate a servo-step ^ 
function, and its structure is shown in Fig. 53.. The majgr^;. 
difference between the design in this invention an,& the con- 
ventional D.C. stepper motor is that the exciting ;'A.C. or P 5 C. 
power of the rotor (5 3-6) in this invention if.\ delivered thru 
the slip ring (53-8), and the rotor exciting. wi$din.g iis con-, 
nected with the stator winding (53-5) in series. ( shown, in Fig. 
54) thru the step-drive polarity commutation switch. ; Thus r , r 
the polarity relation of the stator and the rotor- connected 
in series may be varied together with the poorer .. supply without 
affecting the attraction effect between poles, .^redver,, the: 
polarity relation may be varied by sequently corrariut^atijig the 
stator winding (53-5) and by applying A.C. : or ..D.C.^^ear. thru 
the polarity sequence commutation .switch ricqjineqtect ^...series 
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between the stator and the rotor, and the truth table of said 
commutation for step function is shown in Fig. 55. Further, 
the use of said repulsion stepper motor may include the known 
multi-stage and over-lapped type. Fig. 55A thru 60, show 
another embodiment and the control circuit thereof. 

10) A magnetic coupled driving device with self-exciting 
with self-generated power and transmission functions. 

The input shaft of said device is coupled to the 
mechanical shaft (61-1) of a D.C. or A. C. motor, or other 
rotation means, or an engine, windmill, or watermill, and 
the output shaft (61-12) of said device is used for delivering 
output at various speeds such as synchronous, or faster, or 
slower speed. By means of an electric control switch, said 
input or output shaft may be connected together, or disengaged 
each other, i.e.c, like a clutch operation. The embodiment of 
said device is shown in Fig. 61, of which the feature is by 
using generated power damping for coupling, and it comprises: 

(1) One set or more than one set of shaft or wheel 
means for rotary driving input or output. One end of said 
device is provided with permanent magnet or external D.C. 
excited field, which has one or more than one set of slip 
rings (61-3) and brush set (61-4). Said brush set (61-4) is 
separately provided with the brush holder set and the related 



parts, which are used for the inpujt of the exciting current 
of field, and for the input or output of current of . tie fol-^; 
lowing armature winding. The other end or the both ends oi 
said device are furnished with terminal cases, axles, and 
bearincs so as to mount an armature winding (61-9)- rotor 
(61-8) that may either generate power or may be; driven .with 
electricity. On said rotor, a commutation brush set is fur- v.' 
nished to couple the commutator segment set .(61-10) of said = 
armature. 

(2) One or more than one set of , armature, winding . 
rotor (61-8), which may be a tooth-shaped iron pore ^inature/ 
and printing type or cup-shaped rotor, or a rotyjr without . 
slot but with a lap winding, a wave winding or . frog leg. wind- " 
ing; it may be connected with the field winding; (61-7) in..; 
shunt excitation, series excitation, or compound exci tat iqn;, 
the commutator segment (61-10) of said rotor are . coupled to ..the 
said field structure. The shaft of said rotor ,£s opposite; 
the input or output end of said field structure. Another.,; 
feature of said rotor is that its output shaft j6 1-12) encp 
is furnished with separate induction D.C. or A. C. speed. sensing 
generator, or photocell electronnagnetic type of ^g:ular. dis- 
placement sensing means so as to obtain a direct Report iOn^ 
signal to the output speed. The fixed euid and the ^TOtary^epd 
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of said means may respectively be installed on the input end 
and the output end so as to obtain a direct proportional signal 
to the rotation difference by means of a slip ring and a brush 
set. 

The coupling and speed output function of the 
aforesaid device may generate a coupling torque by means of 
the generator effect, or use a mixture of said both to attain 
the goal. The output control method of said device is as 
follows : 

When being coupled by means of generated power for 
self-excitation, a switch means may be connected between the 
slip ring or ship disk brush input terminals and the commuta- 
tion segment brushed of the armature for coupling or decoupling 
control. It may also be connected in series with, a variable 
resistor or a feed back-to-power supply synchronous current 
transformer to adjust the feed back so as to vary the speed. 
By means of thyristor, such as TG, or SCR, or other mechanical- 
electric switch, said device may have a chopper type of output 
speed variation . Further, by means of the feedback comparison 
of the aforesaid speed sensing means, it may generate a preset 
linear or non-linear speed output. Another feature of said 
device is that a D.C. having a plus polarity to the generated 
power is applied as input so as to elevate thestarting fre- 
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quency response and to obtain an output speed higher th&tf^ V 
that of the input shaft. By means of a mechanical or -eleqtrb^ 
magnetic brake means to lock the input shaft , it iiay operate 
as a motor function, or by means of applying a reverse pola- : : ' 
rity D.C. power supply, its output speed of ■* the: output shaft 
may be lowered. The- coupling torque of. said coupling, device 
may also be obtained by controlling the current; in the armature 
winding, of which the characteristics is shown in; Fig. 62. ] - 

The aforesaid rotor may have an A. C. winding with 
the same number of poles as those of the field : as: shown in 
Fig. 63, and its feedback may be adjusted by adding a series 
resistor or by a synchronous current transformer which. vcan 
feed back to the power supply so as to control <the speed, of ..■ 
the coupling output shaft as shown in! Pig. \. 64; or it may . 
obtain an approximate synchronous rotation output speed, by. 
means of a short-circuit method that generates, ia Squirrel 
cage rotor function; or an input current is ^^iijed so as tp : 
obtain a synchronous drive same as thaat. of: synchronous n^tof * 

If the prime mover of this design is art engine-,. =■ 
said engine will be caused to run at its best performance. 
If this device is mounted in series with the qxitpMt shaft of 
an engine, it may be used as an output speed reig^lator. 
Further, the coupling torque : of ; th is. device. .may. be .controlled 



- 52 - 



0255736 



by means of the current amount and polarity being applied to 
the field excitation. 

11) A high frequency response brake method with flexible 
transmission means: 

It is used for a lleviating the peak inertia value 
during starting and braking so as to provide a higher frequency 
response braking function. It mainly comprises: (shown in Fig, 
65) . 

(65-1) Driving motor. 

(65-2) The transmission system, 

(65-3) The flexible transmission means, which may 
be a well-known flexible transmission structure, such as 
mechanical flexibility, or fluid compression flexibility, etc. 

(65-4) The output shaft of the flexible transmission 

means. 

(65-5) The brake means, which may be a hydraulic, 
pneumatic, or electro-magnetic driving means to couple to the 
output end of the flexible transmission means mentioned in 
(65-3) above. 

(65-6) The driving gear. 

(65-7) The rack gear coupled to the working table. 
(65-8) The working table. 

The functions and the features of said device are 
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as follows: r : ,. «.j':- t <1 

(a) Starting function: The drivirig ^fdhctlon is 
started with the drive motor (6 5-1) thru the .t»raifemission : * ( 
means (65-2) and the flexible transmission means y£65-3) ; at 
that moment, said flexible transmission mesttis (65^3) will 
apply gradual accelerative torque to its load . so (as to have 

a moderate starting „ =.«.-/ : 

(b) The function of high frequency respdnse brake: 
When wanting to stop the system during its running, cut off 
the power supply of motor (65-1) and simultaneously drive p; 
the brake means (65-5); now, in the total .inertia force 
received by the brake means (65-5) at that instant, the por^ 
tion received by the rotor of motor and -the : transmission means 
will have a little delay because of the flexible effect; thus, . 
the peak inertia force of the system received! by the brak^ means 
at that instant will be alleviated; and the brake- means will 
slide so as to have shorter braking time as shoym in Fig. >6j6. 

12) A digital type of sampling and acctimulative method * 
as shown in Fig. 67, of which the main components comprise:. 

(a) A/D converter: It will convert the counter-EMF 
voltage of the tachogenerator or the armature into -"digital- 
signal, and deliver it to CPU. .$ * 

(b) Value setting means: it is used fbr generating 
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a value setting signal, and it may be a digital switch, 
numeral push-button, photocell, or magnetic data card or tape, 
or potential type signal, which is then delivered to CPU. 

(c) Time sequence circuit: It will provide a reference 
of operation cycle for said CPU, 

(d) CPU: Upon the sampling cycle coming, it will 
accumulate the instant values being delivered to A/D compared 
with the setting va]ue, when the two comparing values are equal 
or first time exceeding, a corresponding output signal will be 
generated to control the driving motor. 

13) A cup-shaped rotor stepper motor with low inertia 
and high frequency response is shown in Fig. 68; Fig. 69 shows 
a front view of the cup- shaped magnetic conductor that is to 
be used in the combined tunnel type or dragon-gate (or planner 
type) processing system or other mechanical device, and the 
general industrial servo-drive means. It comprises a conven- 
tional stepper motor stator, a cup-shaped rotor (68-2) , and 
the related mechanical parts; the feature of said cup-shaped 
rotor (68-2) is that it comprises two or more than sets of 
cup-shaped rotors having a selected size and number of teeth 
aroung its outer circumference, and an output shaft. to form 
a rotor assembly, in which the angle relation between the sa- 
lient teeth is determined by the corresponding structure of 
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of the stator. Said cup-shaped rbtbr aiseuibly is^to fee ex- V" 
cited with a permanent magnet (68-7) that id ^ attached "to the ' 
output shaft thru a bearing, and betweeh ' said ;: ^rxnan'eht ma^iieS; 
(68-7) and then said cup-shaped rotor assembly , a switable pl^y 
5 is furnished; therefore, when said cup-shaped rqtor assembly 

is driven by the stator to have the output shaft Rotating," r \ 
said permanent magnet (68-7) will only tie i^d^ed upon by €he: 
friction damping mechanical force so as to lower tHe mechanical 
inertia of the rotor assembly and to obtain higher 1 frequency :< 

10 response. Fig. 70 thru 73 shown the other embodiments of tfeis 

design, in which the rotor may be developed * in ' et r-flikt shape "'v 
or into a conic shape, but the operation and fundticihs are ( the 
sairse as those shown in Fig. 68 to 69, . 

In this design, the printing type stepper motor is a 

15 motor having high frequency response,' and its feature different 
from that of the conventional stepper motor is shown in Fig-. 
74, which, in addition to the mechanical assemblies such as 
the axle (74-1), bearing (74-5) and case (74-3) in a conven- r 
tional stepper motor, is provided with a printing type flat 

20 rotor (74-8), of which one side is furnished with a ..switch atble 

number of poles of permanent magnet (74r-6) and :th(S ; other Side 
is furnished with a flat iron-core magnetic ^iorcuit-. .P*; t^S*. 
insulating board (75-1) of said flat printing, roJ:Qr . (7^-8) r 
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some eddy-current-shaped conductor (75-2) as shown in Fig. 75 
are attached and arranged; the feature of arranging said 
eddy-current-shaped conductor (75-2) is the said conductors 
are attach on both sides of said insulating board (75-1) , and 
5 they may be in eddy-shape or other selected geometric shape 
with a selected number of poles and conduction ring; the 
phase difference between the magnetic poles of said two sides 
is at angle of 90° so as to receive the external drive for 
conventioanl step drive function. It opeartion is shown in 
10 Fig. 76 to 77, Fig. 78 shows an embodiment of said motor 

being furnsihed with pulse signal generating winding, which 
may cut the field of permanent field to generate a correspond- 
ing A.C. signal, or may form an induction function together 
with the external sensing winding. Fig. 79 shows an embodiment 
15 of the laminae of said motor being furnished with photocell en- 

coder sensing holes (79-3) . 

The feature of said printing type motor with encoder 
function is that the outer rim of the disc- shaped rotor is 
furnished with one or more than one hole (79-3) being speci- 
20 fically arranged for photocell signal passing thru and analysis, 

and said hole (79-3) (or holes) is coupled to the corresponding 
photocell sensing means; when the rotor of said printing type 
motor rotates, an encoder function may be generated simulta- 
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neously. The. number; the way of arrangement/ and the number 1 
of rows may be determined in accordance;; with -the actual re- 
quirement as shown in Fig. 80. Said encode? function may 
also be obtained thru a load induction . type of sensing means V ;; 
or other known method. 

14) A dual-end driving working tab^e or other mechanical" 
structure: The object of this design is to minimize the 
phenomena of bending and deformation of the g^ide screw (81-5) \ 9 
and the flexure and deformation in CQi>vea^ional iriachine systett;' 
The feature of its structure is that twcp . driving motors (81- 1)/ 
are installed at the both ends of the driving guide .scrregw 
(81-5) of working table (81-3) to. drive the w.orkinc table l,- / 
(81-3) simultaneously. The thrust applied to the driying nut- 
(81-4) of working table (81-3) is from the both ends of ,the 
guide screw instead from a signal end as that of the conven- , 
tional transmission method: therefore, when ; ^ similar lo^d 
beinc applied, the guide screw of this design will only be 
loaded will only be loaded with one-half torque as that of 
the conventional signal end driving method, Consequently , 
the bending and deformation and the mechanical ; f lexur^.; and '"^ 
deformation will be minimized as shown in Pig. 81* : 

Another embodiment of this design is to use. a. single 
motor and specific transmission means to drive the bgth ends J 
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of the guide screw simultaneously for driving the working 
table so as to obtain the aforesaid function* 

15) A driving gear assembly having low vibration ratio 
by means of phase difference: It is used for minimizing a 
vibration phenomenon generated by the combined tunnel type 
or dragon-gate type of processing system, and the general 
big tool machine during their working tables being driven as 
a result of backlash or the distortion cf involute of the 
transmission elements. Fig, 82 shows the embodiment of said 
gear assembly (82-4) , (82-6), in which two or more than two 
sets of co-axial gear assemblies are engaged with the rack 
(82-5) , (82-7) in a given phase difference as shown in Fig. 
83. When driving the working table (82-8), a synthetic pulse 
drive with a lower vibration ratio may be obtained as shown 
in Fig, 84. 

Summing up the aforesaid descriptions, it may be 
seen that this invention is to have many novel means combined 
together to form a multi-function mechanical processing system 
that may be designed and manufactured on a basis of standard 
specifications and simplicity. Particularly, a series of new 
designs, such as, the energy-saving working table, the ATC 
system of th common tool chest, and the common-use dragon-gate 
main mechanism assembled with functional elements will use a 
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minimum number of assemblies to provide a mult it functions , 
such as lathing, drilling, planing milling, ; grinding and 
boring. This invention has eliminated the drawbacks and. 
broken thru the limits of the known universal, machines that 
5 have low efficiency and single use nature* Moreover, the! 

mechanical processing system design in this invention mfcy.be 
handled with the standard management method by meajis of mana- 
gement soft-more. Since the operator of htis invention may 
participate the design work, it will make less pr no diff;L-" 
10 culty in operation because of a particular individual case, 
and this is another feature of this invention. . 
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The Features of the Invent ion may comprise 

(1). A tunnel type or dragon gate type of processing 
system assembled with selected elements and its related 
interface means , and which comprising the mechanical 
elements , the related transmission, driving , positioning, 
controlling means, and the interface means; and the main 
elements including: 

1) v one or more than one set of dragon gate structure 
including the conventional dragon gate structure, or a 
dragon gate structure being furnished with lateral girder* 
and tool post, at both sides, or a ring-shaped dragon gate 
structure with rotary lateral girder inside, or the combi- 
nation of some of the aforesaid structure; 

2) r one or more than one set of the conventional 
lateral girders being fitted to the dragon gate mentioned 
in 1) above, or a rotary drive lateral girder for mounting 
tool post or tool mandrel means and other automatic tool 
exchanging means, or small type of tool chest; 

3) , two sets or more than two sets of longitudiual 
divided-section type or shrapnel type, or rotary disk type 
or ring type or ring-shaped shrapnel type working tables, 
or continuously circulating type working table group, or a 
working table group having table exchanging station, or the 
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combination of some of the aforesaid types;. 

4) , the automatic tool exchanging megns including 
two or more than two common tool chests having tool exchang 
ing and output position > and a tool exchanging means with 

5 tool turret as element, and a movable tool chest with auto- 
matic tool exchanging means; 

5) , the driving interface for the tool mandrel v the 
working table, and the tool chest including not only the 
well-known electric motor or fluid pressure means, but 

10 also including the new driving interface such as an axial 
displacement D.C. motor, a self -generating power for self- 
excitation and transmission, a pursuit stepper servo-motor , 
and a high frequency response brake means with flexible 
transmission means; 

15 6) , the various precision, positioning and the pro- 

cessing circulation control system, which is a digital type 
of sampling and accumulative method; 

7), the mechanical type transmission interface, 
which including the dual-end driving type of working table, 

20 and the driving gear assembly having low vibration ratio 
by means of phase difference; 

(2) , A processing system 
wherein the two sides are provided with lateral girder 



- 62 - 



0255736 



and tool post, the guide rail for said lateral girder h 
moving up and down, the lateral girder driving means and p 
its related mechanical and electric structures; and the , 
both lateral girders being provided with tools, of whiclv 
the cutting edges are oposite so as to adapt the working 
table moving back and forth to cut a working peice from 
both directions. — 

(3) . A dragon gate type of mechanical structure, 

~~ ■ — wherein a structure having one or 

more set of rotary lateral girder has been provided on 
the gate top or on the both vertical columns, and one or 
more sets of ring-shaped supporting means; and said rotary 
lateral girder and outer supporting and sliding surface 
may be a parti al circle or a fulcrum structure , and said 
sliding surface may use a bearing, air film or oil. film 
as a sliding medium so as to minimize friction and a 
known mechanical or hydraulic lock means may be provided 
so as to lock up the rotary lateral girder <pE necessary;/ 
and said rotary lateral girder may be provided with a I 
symmetrical and synchronous balance tool post or a such * 
balance block for balancing said rotary lateral girder, 
when being used for lathe cutting the tool post may be 
caused an un-balance effect; and said synchronous and 
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symmetrical balance block or tool post may be locked in 
position manually , or by means of a transmission means 
such as guide screw, pneumatic or hydraulic means to make 
reverse drive for obtaining balance always, and the same 
balance method may also be applied to the balance tool 
post; and said rotary lateral girder may be driven with 
an external driving motor or with a motor for the girder 
itself; and the power supply for the girder motor, the 
tool post laterally feeding motor, and the mandrel motor 
may be introduced in with a disk or the slip ring and its 
corresponding brushes; and on said structure , one or more 
sets of auxiliary arm may be provided, and one end of 
said arm is connected to said lateral girder at a given 
angle, while the other end is coupled to < the guide rail 
for strengthening the structure and maintaining precision; 
and on said auxiliary arm, an individual or simultaneously 
operating tool post may be furnished and operated manually 
or by means of the well-known method such as a guide sc^ew* 

C4), A device — — wherein the 

main lateral girder may be provided with one 6r more sets 
of sub-lateral girder. 

(5) t a working table set - — — •• j — — h — — 

wherein two or more than two sets of working "tables in 
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equal or un-equal height, equal or un-equal length, equal 
or un-equal widfr are furnished on one base, and are ins- 
talled on a common rail or on separate rails in series 
and divided-section manner, or in series and interlocked 
5 manner for driving; and another feature is that each 

table has a separate driving means or all of them being 
driven with one driving means but with individual trans- 
mission means, or one or more than one set of tables used 
for hauling purpose to be provided, with driving means; 

10 and by means of an interlock means between tables to 
drive the rest tables; and in case of a working piece 
being rather big, the working tables may suitably be 
dispersed to carry the working piece with its heavy points, 
but said tables should be driven synchronously, or by 

15 selecting several sets of coupling means or using the 

working piece as a locking means to drive the tables, or 
by putting a working piece across two tables and providing 
another one set or more than one set of working tables 
having tools at the bottom of the working piece so as to 

2Q work on it during stop or in motion state, 
C6) . A working table set 
wherein an overlapping type of working table comprises 
one set of primary working table and one or more than one 



0255736 



- 65 - 

set of secondary working tables; and said primary working 
table is installed on the table base, while the. secondary 
working table that is driven separately or manually and 
may be locked up is installed on the top of the primary 
5 working table for processing small working piece;. and 
when processing a large working piece, said secondary 
working table may be driven to a suitabletposition and 
locked thereto for supporting the gravity point of. a 
large working piece or for processing to the bottom of 
10 said working piece; and said primary and secondary working 
tables and the working piece thereon may be driven simul- 
taneously. 

C7J. A shrapnel type working table set ; 

— — — wherein one or more than one, set of small 

15 working tables are provided underneath a main working 

table, being driven to the same direction as that of said 
main working table , said small working -tables may have 
the same length as that of the main working table or may 
not, said main or small working table may have a separate 

2Q driving means, or said small working table may pass thru 
underneath the main working table; and said working table 
sets may be designed into a rotatably driven type, under 
which one or more than one set of small working tables in 
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radial arrangement in to be driven in radial and axial 
direction, 

(8) . A working table set 
wherein a multi-set, parallel and linearly reciprocating 
5 drive type of working table set which may be provided 

with a separate driving element, or with a common driving 
element; and a mechanical interlock means or being locked 
with the working piece is furnished to said working table, 
and the interlock means or the locking method may be adopted 

10 depending upon the shape of a working piece, which is 

good for using differential position locking or opposite 
position locking method; either of said locking methods 
may be used for synchronous moving, or asynchronous 
but in same direction driving, and each of said working 

15 tables may be furnished with tool so as to perform 

processing work to the working piece on the adjacent 
working table. 

C9 1 . T wo or more than two sets of rotary working 
tables ■ wherein the base is attached 

2Q to the lathe bed and may be driven along the lathe bed 
guide rail as a rotary working table, and also may be 
separated in longitudinal direction as a divided section 
working table. 
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6 (10). A rotary working table- u ? ., , ' .J. * .j — r— 

wherein one or more than . on? layer fo;$t cordial ^ring- 

shaped structure; and on : the surf said, lay4r, 
a driving motor may be. provided for>saro^Adi ruction or 
opposite direction, for synchronous or asynchronous , for. 
single or joint driving so as to perfodn prp ceasing work, 
to the working piece on the adjacent t^kies;;. ajid. it may 1 

l'. ' : 

also be designed on assembly basis to hay^ pne ;pr .inore 
than one section with one or more than. one ; layer or it 
may be combined and mixed with, the circle type rotayy: 
working table. . : _ • 1 

(11) . A working table set - — ■ — i ■ " ' „ - 

■ - — — wherein said working. taJbles 

may be designed and arranged in multi^jrow, and multi- 
section series , or into many groups of said arrangement f . 
and having , equal or un-equal length f width t>eight,. and 
having same level surface or a slanting, sngle or arc as 
each other in any suitable geometric shapes; the ; said 
working table may be driven separately or, in synchronous 

;. I, . 

coupling manner; and some of them may not fcje jiroyided -•)• 
with driving means but being .a fixed ty^pe^ and they may; 
comprise a multi-s$t of , rotary working: tables with 
selected diameter, height , and^relftted^e^lignical posi-' 
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tions, or the ring-shaped working table; and they may be 
a mixed working table group comprising the types of working 
tables described in (5) thru (10). 

(12). A working table set or group as used in 

5 ; 

combination with the various kinds of dragon gate and 

lateral girder structures 

and they may be partially or completely , installed at 
the outer side of the dragon gate, if necessary, or may 

10 if necessary be placed in the space at the lower portion 
of the dragon gate, or try to reserve some space for the 
working piece; a further feature is that on the said work- 
ing tables, tool and tool driving motor may be installed, 
and a conveying means may also be installed so as to 

15 render processing to a working piece on the adjacent 

working table, or the dragon structure may not be furnished , 
but use said working table set or group to perform proce- 
ssing work mutually, i.e., a multi-row and a series of 
divided section type — — — 

2Q and the features of structure and operation are: 

11 , the said working tables may be equal or un-equal 
in size, in height, or in geometric shape; 

2] , the said working tables may use a common driving 
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motor thru manual , electro-magnetic, \, or ; ;fi^id- driving^ 
clutch and coupling means , or each :*Sa3bfi 'tables has, a> seipa- 
rate driving motor, or other driving.: eleii&Jn€fe: ~f or Separate 
driving or coupled^ driving; and each workibg; tatrle may be 
5 provided with a linear or rotary type of displacement . ' • 

sensing means for feedback monitoring function: of -syrichro- 
nous drive working table; and some of said Working, table ; • 
may be made into a movable or fixed type witfccsufe driving 
means; ■. ■ 

10 3), the said working tables may car^y a working piece 

with several gravity points, such as using orie or more - 
sets in multi-row or in series divided section type with ; 
synchromous driving; and between said working tables, a . 
mechanical locking means may be used,;, or: they may be : locked 

15 together by means of a working piece for ; later locking 

effect, and if a given ' portion of working 4ables have 

nf the 

driving elements , the restfi working tables may be actuated 
by means of mechanical interlocking or workifig pi&ce lock- 
ing method. v.* ■.■■■2>Ji' . 
2Q (13) , A common tool chest structure, having two or v 

more than two sets of tool exchanging positions. comprises 
a given sets of tool, tool postv tool post: b£se T the* posiV 
tioning and driving means, two or m6re than 'two : s£ts of 
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tool exchanging arms and its related mechanical parts, and 
the positioning electric control means; and one tool chest 
may be used for supporting the mandrels of two or more than 
two sets of similar machines or different machines; and 
another feature of it is that every tool exchanging posi- 
tions being provided with a stand-by exchanging position , 
of which the position should facilitate the exchanging arm 
and the mandrel to exchange tool; and the tool displacement 
structure between the stand-by position and the tool chest 
may be driven from tool post base to the stand-by exchang- 
ing position by the auxiliary exchanging arm or the tool 
post; particularly , when said spare tool being moved to 

the stand-by position and before being exchanged with tool 

be 

of mandrel, the tool chest base driving means may/continu- 

the A 
ously driven to/other tool output stand-by position. 

(141. A tool turret element type of tool exchanging 
means, which comprises two or more than two sets of tool 
turrets, tool turret seat, the tool turret seat fixing 
base and its positioning and driving means, and the tool 
exchanging arm; said tool turret not only has the con- 
ventional tool turret functions of angular rotation and 
locking up, but also has the features of positioning 
coupling lock between the tool turret and the mandrel 



driving structure, and of exchajig£ng the ^.jt^^ ;tu5rre,tj 

thru an exchanging arm aftef being ^j^^^amped; .an£ 

in said tool turret exchanging group, th^ ^changing:. 

operation between the mandrel and phi mandfel, and b€t*feen 

the mandrel and the tool turret and tool q^iest is doneK&y 

means of the exchanging arm, and the biggest : feature o£ 

' tools ' : . "■ • ■ 

said means is that the/currently in use " . .in : a sequqncfe 
processing may be mounted on one turret sj^iify the tool: 
exchanging operation, which is similar , .i ji i^ure to thq 
micro-program in the computer software portion-/ 

C15) . A tool chest motion type of automatic tool 
exchanging system CATC) which comprises:, . 

1) , the base seat , structure may be a fixed l^the . 
bed or a driven working table base installed, on the lathe 
bed; on said base seat, a fixed seat for the: spindle tool 
turret and the tool chest is provided; 

2) , the spindle tool turret structure dbmprises • 
one or more than one set of equal angle or un-equal an$le '. 
arranged tool chuck means, and it may be driven with a ; 
motor or a fluid pressure means to rotate clockwise or 
counter-clockwise, or to stop at a given position? 

3 J , one or more than one set of tool chest structure 
to be driven by a servo-means, which may be ^installed on 
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the lathe bed, and is capable of receiving instructions f 
of making quantitative and reciprocating displacement 
driving; on which, a tool selecting or tool positioningly 
storing means able to rotate clockwise or counter-clockwise; 
and the features of said system are: 

a) , supposing the tool chest A has A 1 -A n stand-by 
tool post; 

b) , tool Kj~ K n+1 ; 

C) , supposing the tool post B has B 1 — B 2 tool 
spindles; 

d) , "C" stand for tool chest fixing seat; 

e) , "D" stands for base; 

Their operation sequence is shown with a table below: 
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Ready Tool Change 
Instruction 



A forwarding tp B 



K., inserts B 1 and 
& 1 stop 



A 1 releases and 
clamping 



A returns to original 
position 



tool change 
instruction 



B releases and rotary 180 



B clamping 



A forwarding to B 



Ko inserts A n 



B 1 releases and A 1 
clamping 



A returns to original 
position 



Kn ready tool change 
instruction 



An returns to original 
position : 



'-If 
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Another feature of this system is that, in addition to 
said tool chest exchanging tools with the tool spindle, 
it may exchange tools with the adjacent tool chest by 
means of its displacement or the automatic tool exchange 
arm. 

(16) • A tool chest system which is formed by convert- 
ing the rotary type tool chest into a multi-ourput position 

.main 

"ATC" system, of which the/feature is that it has two or 
more than two sets of exchanging arms so as to have the 
selected tool in the tool chest being exchanged with the 
outer tool spindle or other tool chest for the purpose of 
establishing an economic tool chest system. 

(17) , A mandrel or working table driving motor struc- 
ture, in which the field iron core is thicker than that of 
the armature, and the field windings are an axial over- 
lapped multi-windings, of which each may be provided with 
exciting control; motor bearing in an axial bearing which 
has the feat«£es of axial displacement and rotation; and 
the length of both ends of said motor shaft is suit- 
ably designed, the variation of exciting current applied 
to the axial overlapped field windings will cause the arma- 
ture making a corresponding axial displacement, which will 
generate the following functions: 
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1) , red procating motion during, rojta tjLppi,' . such $s 
for boring or processing . the r ivet -head,; ..,> ; i|.4, a >. ^' > - : j , ..' 

2) , to have the gear. mounted on ^i^ph^f t generating 
a displacement so as to change the corre^pQ^^ng engaged 

5 gears to vary the output speed ratio; further r it may 

make a micro or intermittent drive with a D*C. motor so 

'■ • ; ; With 

as to prevent the gears from being, collided: each pother? .... 

3} , to obtain dutch or brake function by mean? |of 
the axial thrust to push a friction piece;., 
10 4), to generate an axial vibration, effect by means : 

of controlling the current applied to tlje field winding 
and exciting winding for removing, the smallv mefcal wastes 
and reducing the cutting resistance,,. 

(18). to A,C, stepper driving motor struature, which 
15 comprises; ..^ ?. 

1], a field having a selected, njumber of poles, and 
having one or more than one set >.of excitation, windings; 

2} , a rotor having a selected number of poles / and 
having one or more than one set of winding? connected to 
2Q the slip ring of the rotor; . . : 

3}/ the related mechanical u str;uctur;q ..and .brushes; 
41, the polarity switching means ^sfcijoji may fee an! 
electro-meqh^nical means, a ^solit^s^ats elgctrqnic switch 
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element such as Triac, or SCR and so on; 
and the stator winding and rotor winding, of said A.C. 
stepper driving motor may be connected in series or parallel, 
and the number of poles between the stator and the rotor 
may be the same or may not; and the polarity switching means 
may sequentially change the opposite polarities of the 
rotor and stator; and the operation course of said A.C. 
stepper driving motor is to have the field becoming an 
un-balance state by means of switching the polarity switch 
for changing polarity so as to cause the rotor to rotate 
to a balanced point, 

C19) . An A.C. stepper driving motor 

wherein a rotary field type of structure may 

be included, 

C20) , A magnetic coupled driving device with self- 
exciting , self -generated power and transmission functions 
of which the input shaft of said device is coupled to the 
mechanical shaft of a D.C, or A % C, motor, or other rota- 
tion means, or an engine, windmill, or watermill; and 
the output shaft of said device is used for driving the 
working table or other shaft, or wheel-shaped load; and 
said device comprises: 

1) , one or more than one set of shaft or wheel means 
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for rotary driving input or output; and .one end of ejai.d 
device is provided with permanent magnet or externa} D^> 
excited field, which has one or more than; one set of. slip 
rings and brush set; and said brush set .is separately . ... 
5 provided with the brush holder set and £he related parts,, 
which are used for the input of- the exciting current of 
field, and for the input or output of current of the 
following armature winding; and the other end or the both, 
ends of said device are furnished with terminal cases,,. ... 
10 . axles, and bearings so as to mount an armature winding. 

rotor that may either generate power or may be driven with 
electricity; and on said rotor, a comautation brush set is 
furnished to couple the commutator segment set of said 
armature; 

15 2], one or more than one set of armature winding;**/ 

rotor, which may be a tooth-shaped iron core armature and 
printing type or cup-shaped rotor, oir a ^otojr without ; 
slot but with a lap-winding, a wave winding or frog leg 
winding; and it may be connected with the field winding 

20 in shunt excitation, series excitation, or. compound exr r 
citation; and the commutator segments of #ajd rotor are ^ 
coupled to the said field structure; . ana the shaft of 
said rotor is opposite to the input or output, end of : . 
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said rotor is that its output shaft end is furnished with 
separate induction D*C. or A.C. speed sensing generator, 
or photocell, electro-magnetic type of angular displacement 
sensing means so as to obtain a direct proportional 
signal to the output speed; and the fixed end and the 
rotary end of said means may respectively be installed 
on the input end and the output end so as to obtain a 
direct proportional signal to the rotation difference by 
means of a slip ring and a brush set. 

C21) . A device — wherein the 

coupling and speed output function may generate a coupling 
torque by means of the generator effect, or an input power 
to generate a driving torque or use a mixture of said both 
to attain the goal; and its output control method said 
device is as follows: 

When being coupled by means of generated power for 
self -excitation, a switch means may be connected between 
itself and the slip disc input brush terminals or the 
slip ring connected to the commutation segment brushes of 
the armature for coupling or decoupling control; and it 
may also be connected in series with a variable resistor 
or a feedback-to-power supply synchronous current trans- 
former to adjust the feedback so as to vary the speed; 



or by means of connecting in series ran active* control *'\* 
element such as a power transistor- to • p^forffii'ailalocf' : 
quantity control for varying its speed or^ ■fo ! X icarrier' - 
wave modulation; or by using -a thyristor suchjas .TG ov " \.r" 
SCR, or other mechanical-electric switch, said device 
may have a chopper type of output speed .variation by 
means of the feedback comparis ion : of the speed sensing . . 

means — — it may generate aJ preset; 

linear or non-linear speed output; and another feature . .:- 
of said device is that a D,C. having a plus polarity tor ""J 
the generated power is applied as injmt so as to slevate^ 
the starting frequency response and to obtain an output 
speed higher than that of the input shaft* or* :by. means: 
of a mechanical or electro-magnetic brake means ;to lock, 
the input shaft, it may operate as a motor function, or 
by means of applying a reverse polarity D*C/ power supply, 

i 

its output speed of the output shaft may - be - lowered * 

(22). A rotor — : rr. j .. . " . i/iwhereiti the , 

rotor may have an A.C. winding with the sam© number of 
poles as those of the field and its fQ.edb&ck, iaay ; ,be . 
adjusted by adding a series resistor 1 or by a synchronous 
current transformer which can feed back t*6 t&ei; pp^er 
supply so as to control the -speed of the* ao\^Iing: .output; 
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shaft; or it may obtain an approximate synchronous rota- 
tion output speed by means of a short-circuit method that 
generates a squirrel-cage rotor function; or an input 

current is applied so as to obtain a synchronous drive similar 
a 

to that of/(synchronous motor. 

(23) . A device wherein 

prime mover of this design is an engine/ said engine will 
be caused to run at its best performance; and if this 
device is mounted in series with the output shaft of an 
engine, it may be used as an output speed regulator, 

(24) . A device ; wherein the 

coupling torque of this device may be controlled by means 
of the current amount and polarity applied to the field 
excitation. 

£25). A high frequency response brake method with 
flexible transmission means, which is used for alleviating 
the peak inertia during starting and braking so as to 
provide a higher frequency response braking function; and 
it mainly comprises: 

1) , driving motor; 

2) , the transmission system; 

31, the flexible transmission means , which may be 
a well-known flexible transmission structure, such as 
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mechanical flexibility, or fluid compressidh.f lexi^ilityr 

4) , the output shaft of the f lexibleL transmission , 

means; 

5) , the brake means, which may be a manual ./hydraulic, 
pneumatic, or electro-magnetic driving means to couple , to. 
the output end of the flexible transmission means . mentioned 
in 3) above; 

6) , the driving gear; 

7) , the rack gear coupled to the working table; 
8], the working table; 

C26) • A digital type of sampling and accumulative 
method, of which the main components comprise:, 

a] , A/D converter, which will convert the ; counter 
EMF voltage of the tachogenerator or the armature, into 
digital signal, and deliver it to CPU; 

b) , value setting means, which is used for generating 
a value setting signal, and it may : be a digital switch, 
numeral push-button, photocell, or magnetic d^ta card or ■ 
tape, or potential type signal, which is then ! delivered : 
to CPU; • y J : . m 

cl , time sequence circuit which will provide a re- 
ference of operation cycle for said CPUj 

dl , CPU, which when the sampling cycle coming, will 
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accumulate the instant values being delivered to A/D con- 
verter, and have them being compared with the setting 
value; and when the two comparing values are equal or first 
time exceeding , a corresponding output signal will be 
5 generated to control the driving motor ♦ 

(27). A cup-shaped rotor stepper motor with low inertia, 
which comprises a conventional stepper motor stator a cup- 
shaped rotor, and the related mechanical parts; the feature 
of said cup-shaped rotor is that iji comprises two or more 

10 than two sets of cup-shaped rotors having a selected size 
and a number of teeth around its outer circumference, and 
an output shaft to form a rotor assembly, in which the 
angle relation between the salient teeth is determined by 
the corresponding structure of the stator; and said cup- 

15 shaped rotor assembly is to be excited with a permanent 

magnet that is attached to the output shaft thru a bearing, 
and between said permanent magnet and the said cup-shaped 
rotor assembly, a suitable play is furnished so as to 
lower the mechanical inertia of the rotor assembly and the 

20 rotor may be designed into a flat shape or into a conic 
shape , 

C28) ♦ A printing type stepper motor, which includes 
a printing type flat rotor, of which one side is furnished 
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with a suitable number of po-les of- permanent!; magnet, and [ 
the other side is furnished with a flat iron-core magnetic . 
circuit; and on the insulating board' of said fiat printing 
rotor , some conductor are furnished ; and the feature t: d£ 
arranging said eddy-shaped conductor is that said conductors 
are attach on both sides of said insulating -board, and they,, 
may be in eddy-shape or other selected geometric Shape with 
a selected number of poles and slip ring;; and the phase , ' 
difference between the magnetic poles of said two sides is 
at an angle of 90° so as to. receive the external drive -tot 
step drive function; and said flat rotor having ~eddy-shapfed 
conductor may be a laminated structure) and the distribution 
shape of its related conductors and its magnetic pole Ais± 
tribution may be determined as the case may require. 

C29I . A printing type stepper mot&r - ■ />•••?: 

—wherein, the rotor is provided with a thitd 

winding for signal feedback; and when the ffiotor is runnih$, 
said third winding will cut the field of ra ^rin^hent-.. magnet 
for sensing the angular displacement, or b.^ us ing> two said 
third windings with a phase difference of .90° ^a* a phase 
identification means, or to form a? 'Conventional ^Inductbsyn 11 
with an external sensing ' winding; : 'vy \i; *v v *:- 

C301. A printing type . stopper;- motor. x » i r # ' . .. % ■ • h 
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wherein another feature is that it has a flat-plate- 
shaped rotor with an encoder function; and on said rotor, 
one or more light passing holes being in a selected geometric 
shape, position, and arrangement so as to be coupled to an 
external coupling sensing means to generate an angular dis- 
placement analysis or by means of a light passing hole set 
having 90° of phase difference for phase identification 
function. 

(31). A flat-plate-shaped rotor with encoder function 

which may be adapted to the 
printing type stepper motor with stepper setting function, 
or the known stepper motor, or the flat-plate-shaped helical 
eddy-current disc, 

(32} . a dual-end driving working table or other 
mechanical structure, of which the object is to minimize 
the phenomena of bending and deformation of the guide 
screw, and the flexure and deformation in conventional 
machine system; and the feature of its structure is that 
two driving motors are installed at both ends of the 
driving guide screw of working table to drive the working 
table simultaneously; and the thrust applied to the 
driving nut installed at the base of working table and 
coupled to the guide screw viH form both ends of the 
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guide screw; therefore, when a similar load ...is applied, 
the guide screw of this design will only be ; loaded witji 
one-half torque as that of the conventional "single end 
driving method; and another embodiment of. this design is 
to use a single motor and specific transmission means to 
drive both ends of the guide screw simultaneously for 
driving the working table so as to obtain the aforesaid 
function. . 

C33) t A driving gear assembly having low vibration 
ratio by means of phase difference, which is used for mini- 
mizing a vibration phenomenon generated by the combined , 
tunnel type or dragon gate type of processing system, and 
the general big tool machine during their working tables 
being driven as a result of backlash or the distortion of 
involute of the transmission elements; and said gear 
assembly has two or more than two sets of co^axial .gear 
assemblies are engaged with the rack in a given phase • 
difference; and when driving the working table r a synthetic 
pulse drive with a lower vibration ratio may be obtained. 
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This application is a divisional application from 
83305856.3 which* claimed upon filing: 

1. • A dragon-gate machine tool 

including one or more rotary lateral girder members , 

for tool location^ movable over or pivotable aa a surf ace, 

5 locking means for fastening the or each girder member in 
a preset cted position and optionally weight means for 
balancing the or each girder member. 

2. A composite work Surface for use in tooling com- 
prising a plurality of surface^ each of the same or 

10 different dimensions, reciprocatable and/or rotatable on 
rail means by the same or different driving means and 
mutually disposed in a preselected linear and vertical 
arrangement . 

3. A tool storage holder for use in a multi- 

15 function tooling system comprising a servo-drivable body 
for accommodating a plurality of tools and which is 
movable into and out of a tool exchanging position for 
automatically exchanging a tool that is not needed with 
a tool that is needed, including a plurality of tool 

20 exchanging arms. 

k. A DC or AC motor for use in a mult i -function machine 

tool system, wherein the field iron core is of greater 
thickness than the armature and the field windings are 
axial ly overlapped. 
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5. A magnetic drivitig devide ^ttK^rfjtfT^cttltig; iiltr 
generated power and tratismiissicfc- < £i^tl!j&& m '$ 1 vtii'ch * tti£ 
input shaft of said device is doupletf ttf a iffebKatiicai ; 
shaft and the output shaft of said device tdr driving, 

5 comprising one or more sets of shaft or ' ;, ^eel. taxis' i or 
rotary driving input or output, one etid of :the device ; b&ing 
provided with permanent magnet or' external - D. 6; excited 
field, which has one or more thaii one set 6f slip ring; s 
and brush set for the input of the exciting current "of : 

10 field, and for the input or output of current of the - f 
following armature winding, the other end bi i : both 

ends of said device being provided with-- means-" for ; « '■ 

* ■ *■ ■* ■ ■• • 

terminal cases, mounting an armature vifiditig rotor that ' 
may either generate power or may be. dr-rven^ Yt commutation 

15 brush set being furnished on the ; rotor to cbuple th£ . v 
commutator segment set of said armattire, onie-or.mere 
armature winding rotors connected with the field Wiiad||ig.' 
and the commutator segments of said rotor being coupled 
to the said field structure wherein the 

20 rotor is opposite to the input dr 'output end v of said- 
rotor is that its output ^ : sha ft grid; is lurrii shed with ]■ 
separate induction D.C. : or ' KX 'spe&d sengift^ v ^etie^at'o.r , 
or angular displacement' %msin| meatis S&:-aS id/ obtain a 
directly proportional- signal td : thfc oulput^s^eed^ arid, the 

25 fixed end and- the rotary end of said ; means respectively 
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be installed on the input end and the output end so as to 
obtain a directly proportional signal to the rotation 
difference by means of a slip ring and a brush set. 

6. A high frequency response brake method with 

5 flexible transmission means, for alleviating peak inertia 
during starting and braking so as to provide a higher 
frequency response braking function, comprising a driving 
motor, a transmission system, a flexible transmission 
means such as mechanical flexibility, or fluid compression 

10 flexibility, an output shaft of the flexible transmission 
means, to couple to the output end of the flexible 
transmission means, a driving gear, a rack gear coupled 
to the working table, and a work surface. 

7. A digital type of sampling and accumulating 

15 system, comprising, an A/D, converter, for converting the 
counter EMF voltage of a tachogenerator or an armature 
into digital signal, and delivery to a Central Processing 
Unit , value setting means for generating a value setting 
signal for delivery to the CPU, a time sequence circuit 

20 for providing a reference of operation cycle for said 
CPU, wherein CPU is for accumulating the instant values 
being delivered to A/D converter, and comparing thee: with 
a setting value such that when the two compared values 
are equal or the setting value is exceeded, a corresponding 

25 output signal will be generated to control the driving 
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motor. . . ; .s ,• . . . > 

8. A low inertia stepper motor comprising, a stepperk L 
motor stator, two or more sets of cup- shaped rotors -having 
a plurality of teeth of a preselected size around the oipter 

5 circumference, and an output shaft to form a rotor assembly, 
in which the angle between the teeth depends on the 
corresponding structure of the stator where the cup- shaped 
rotor assembly can be excited with a permanent magnet 
attached to the output shaft throigh a bearing. 

!0 9. A printing type stepper motor, which includes a 

printing type flat rotor, of which one side is furnished 
with a plurality of poles of a permanent magnet, and the V. 
other side is furnished with a flat iron-core magnetic 

circuit, wherein conductors are attached on both sides of 

'. • • ' ■ 1' ' ' ' • 
15 the insulating board on the flat printing rotor and the. 

phase difference between the magnetic poles of said two 

sides is at an angle of 90° so as to receive the external 

drive for step drive function. 

10. A dual-end driving member having a driving guide . 
20 screw with two driving motors installed at the both ends 

of the drive simultaneously or a single motbr and 
transmission means to drive the both ends of the guide 
screw simultaneously. 

11. A driving gear assembly having lo\? vibration ra.tioV 
25 by means of phase difference, for minimizing a vibrat io r n 
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phenomenon generated by a multi- function machine tool 
system comprising two or more sets of co-axial gear 
assemblies engagable with a work surface rack in a given 
phase difference. 
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12. A multi-function machine tool system including : 
one or more of the following; one or more dragon- gatfi^ 
structures optionally having tool location means and/or 
automatic tool exchanging means, two or more Wdtk sulfates, 

5 an axial displacement D.C. motor, a self -generating pgwer 
for self -excitation and transmission, a pursuit stepper 
servo-motor, high frequency response *$>rake means 

with flexible transmission means, a digital precision, 
positioning and processing circulation cdtttrol 

10 system, and a dual-end driving type of working table, and 
driving gear assembly having low vibration ratio 
by means of phase difference. 

The tool exchange apparatus of this invention may 
be used in conjunction with the tool exchange- apparatus 
shown in Figures 43 to 46, which is the subject of co- j - 
pending divisional application number 86107373 ^2 • 
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CLAI MS 

1. An automatic tool exchange apparatus for use 
in a multi-function machine tool system, comprising 

5 at least one first tool carrier (A; 48-4) having 
means for carrying a plurality of tools (K- - K c ; 
48-8), at least one second tool carrier (B; 48-6), 
and means for moving said first carrier so as to 
cooperate with said second carrier for supply and/or 
10 removal of a tool to 1 from the second carrier, 

2. Apparatus according to Claim 1, wherein the 
first tool carrier is a tool chest (A; 48-4), comprising 
a plurality of tool-carrier arras (A 1 - A^; 48-5) 

15 and the chest is selectively axially displaceable 
and/or rotatable about an axis perpendicular to said 
arms to present a selected tool to the second tool 
carrier . 

20 3. Apparatus according to Claim 2, wherein the 

second tool carrier (B) comprises a single arm having 
means on at least one free end for carrying a tool and 
rotatable about an axis perpendicular to said arm, 
or a member having a plurality of tool carrier arms 

25 (48-6) each having on its free end means for carrying 
a tool, and being rotatable about an axis perpendicular 
to said arms . 



4. Apparatus according to Claim 3, wherein the 

30 second tool carrier is rotatable between a tool 

reception position and another position, and the first 
tool carrier is movable axially to and from the second 
tool carrier. 

35 5. Apparatus according to Claim 4, wherein the 

other position is a machining position* 
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6. ApparatuB according to Claim 3, 4 or 5, comprising 
an array of first tool carriers (A -A ), external' 
ones thereof each being cooperable with at. least 
one single tool carrier arm ^ B i"" B 9^ adjacent 

5 first tool carriers being cooperable with one ariothei* 
for transferring of machine tools from a selected 
one carrier to a selected other. 

7. Apparatus according to Claim 6, comprising 
10 at least two sets of tool carrier arms.,; 

8. Apparatus according to Claim 1, 2, 3 or 4, 
wherein the first tool carrier is driyingly controlled 
by a direct-type servo means. . 

15 

9. An automatic tool exchange apparatus for use 
in a multi-function machine tool system, substantially . 
as herein described on page 22, line 7] to page 23, 
line 11, page 44, line 3 to page 45, 'line 19, pd 

20 page 71, line 11 to page 74, line 12,, with reference , 
to Figures 47-51 of the drawings. 
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